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      Chalcogenide glasses have attracted considerable attention due to their infrared 
transparency, low phonon energy, and high non linear optical properties. They have been 
explored as promising candidate for optical memories, gratings, switching devices etc. 
Because of their low phonon energy and high refractive indices, now a days these are used 
for high efficiency fibre amplifiers. Nevertheless, the availability of amorphous 
semiconductors in the form of high quality multilayers provides potential applications in the 
field of micro and optoelectronics. Among amorphous multilayers, chalcogenide 
multilayers are attractive because of the prominent photoinduced effects. Studies in 
chalcogenide amorphous multilayer have been directed towards two phenomena. One is 
photoinduced interdiffusion in short period multilayer systems which finds potential 
applications in holographic recording and fabrication of phase gratings . The other is photo 
darkening or photobleaching which is also known in thick films. These multilayers exhibit 
prominent photoinduced effects, similar to those exhibited by uniform thin films. In spite of 
its practical usefulness, the mechanism of photoinduced interdiffusion is not properly 
understood. Since most structural transformations are related to atomic diffusion, 
understanding of the structural transformation must be based on the diffusion process.     
    The main aim of this thesis is to study the photoinduced diffusion in Sb/As2S3 
multilayered films and (As2S3)1-xSbx thin films. In literature, there are reports about the 
photoinduced interdiffusion in Se/As2S3 and Bi/As2S3 multilayered films, but the 
mechanisms of photoinduced interdiffusion of these elements are not very clear. Raman 
scattering and infrared spectroscopy techniques have been used to study the photoinduced 
interdiffusion in Se/As2S3 and Bi/As2S3 multilayered films by Malyovanik et al. 
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(M. Malyovanik, M. Shiplyak, V. Cheresnya, T. Remeta, S. Ivan, and A. Kikineshi, J. 
Optoelectron. Adv. Mater. 5, 397 (2003). But many questions remain unanswered. The 
characteristic spectra of components in the multilayer and those of the diffused layer were 
rather similar. In the present thesis, photoinduced interdiffusion in Sb/As2S3 multilayered 
samples are studied by Fourier Transform Infrared spectroscopy (FTIR) at room and low 
temperature and X-ray photoelectron spectroscopy (XPS). The photoinduced effects in 
(As2S3)1-xSbx thin films are studied by FTIR, XPS and Raman Spectroscopy. The detailed 
information about the distribution of electronic states in the absorption edge, localized 
states and the new bonds formed between the components due to photoinduced 
interdiffusion elucidated from the above studies will give more insight into the mechanism 
and kinetics of photoinduced interdiffusion. The thesis consists of seven chapters. 
References are given at the end of each chapter.  
    Various general and unique physical properties of amorphous chalcogenides are 
discussed in Chapter1. This chapter summarizes the fundamental aspects of amorphous 
state, such as the structure and its models, electronic band structure, defects as well as the 
physical properties like d.c conductivity, a.c conductivity, optical absorption, 
photoconductivity.  A more detailed account of the various photoinduced effects are also 
discussed. Apart from this, similar photoinduced effects observed in other systems are 
described in brief.  
    Chapter 2 has been devoted to light and heat induced interdiffusion and related changes 
in optical properties of multilayered Sb/As2S3 films. Sb/As2S3 multilayered films are 
prepared by cyclic thermal evaporation from bulk (powdered) Sb and As2S3, deposition 
rates were 1–10 nm/ sec in a vacuum of 5x10−4 Torr.  To study photostimulated effects, the 
as-prepared samples are irradiated with a Diode Pumped Solid State Laser (DPSSL) of 
wavelength 532 nm and a power  of 35mW up to 60 minutes at room temperature. To study 
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the heat induced effects the as-prepared samples are annealed at 150oC inside a Glove box 
in a controlled N2 atmosphere upto 4 hours to produce the heat induced interdiffusion. 
Optical absorption spectroscopy studies were carried out on as-prepared, annealed and 
irradiated samples. From the analysis of the optical absorption spectra, it was concluded 
that the optical bandgap, Urbach edge (Ee) (F. Urbach, Phys. Rev. 92, 1324 (1953)) and 
B1/2, Tauc’s parameter, (J. Tauc et al., Phys. Status Solidi 15, 627 (1966)) modify with 
photo and heat induced interdiffusion. These changes in properties are ascribed to the solid 
solution formation due to the intermixing of adjacent layers. The photoinduced intermixing 
of the adjacent layers are obviously related to the photoinduced viscous flow and depends 
on the number of excited chalcogen bridge atoms, which determine the local deformations 
due to the bond switching and displacements. The difference in the value of optical band 
gap after illumination and annealing can be explained by using the thermal spike model. 
The important predictions of the thermal spike model are 1) the evolution of the 
concentration distribution is different for thermo and light induced intermixing; 2) the light 
induced interdiffusion is highly dependent on the wavelength of the light. The other 
important prediction of the model is that even if we assume a concentration independent 
interdiffusion coefficient for the thermo-stimulated intermixing, the coefficient of light-
stimulated interdiffusion will be concentration dependent, i.e. the light stimulated 
intermixing will be non linear, because of the  asymmetric light absorption properties of the 
bilayer. It means that the evolution of the concentration distribution will be different in the 
cases of thermo- and photo- stimulated mixing. So there are unequal   diffusion coefficients 
of light and heat induced inters diffusion. Due to this, the extent of light and heat induced 
intermixing between the Sb and As2S3 are different which in turn are reflected in the optical 
absorption edge. 
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       Chapter 3 deals with the in situ optical absorption studies on as-prepared samples of 
Sb/As2S3 multilayered films. Optical properties of the amorphous chalcogenide films have 
been characterised extensively over the year. Most of these studies were conducted ex situ, 
i.e., after switching off the illumination, thus providing information about the permanent 
changes. But film exposed under light irradiation during the measurement was never 
studied. In short, information has been missing about the metastable changes in the 
multilayer structure during photoinduced interdiffusion. In the first and more common set-
up the effects were characterised by measuring the change in the transmission intensity of 
the beam used for photoinduced effects i.e. the same beam acting as the pump and the 
probe. In the second kind of experiment, a pump-probe configuration was used where the 
pump was typically a laser source with wavelength at or close to the band gap energy of the 
chalcogenide glass, and the probe was a low intensity monochromatic light source which 
was coincident with the pump in order to characterise the area of the film. Such in situ 
experiments give insight into the kinetics of the photoinduced changes i.e. the total change 
during illumination consisting of transient part and metastable part. In this Chapter, we 
report in situ changes in transmission spectra recorded over the wavelength range =400-
1200 nm, and also at fixed wavelengths to understand the changes in absorption 
coefficients, optical band gap and Tauc parameter during photoinduced interdiffusion. The 
total changes in absorption co efficient and optical band gap consist of  a transient part  
which vanishes and  a metastable change  which persists even after the illumination is 
switched off. It contradicts the usually assumed parallel shift of absorption coefficient 
during photobleaching. To explain the behaviour of the observed changes before, during 
and after illumination  and to understand the dynamics of the changes, we consider the film 
to contain clusters of atoms initially at the ground state, which act as potential sites for  
photobleaching and related changes. The potential sites are most likely the chalcogen atom 
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(S in the present case) sites, because in situ extended x-ray absorption fine structure 
(EXAFS) results indicate significantly larger transient and metastable photoinduced 
changes around the chalcogen atom (G. Chen, H. Jain, S. Khalid, Jun Li, D.A. Drabold, S. 
R. Elliot, Solid State Commun.120, 149 (2001). During illumination,  decreases 
continuously and reaches saturation . This saturating part shows the metastable part. Notice 
that  decreases further when the laser is switched off. When the laser is again switched on, 
the  value comes to the metastable value and saturates. This shows the transient nature in 
 which repeats during on-off cycle.The optical bandgap change during illumination 
follows an exponential increase. So, the in situ optical study gives the kinetics of  the 
optical  changes during the illumination process upto saturation. We assume that some of 
the homopolar bonds are converted into more favourable heteropolar bonds due to 
photoinduced diffusion. This is confirmed from the X-ray photoelectron study described in  
chapter 4. 
    Chapter 4 is on the study of X-ray photoelectron spectroscopy (XPS) of multilayered 
Sb/As2S3 films. XPS is a surface technique to study the chemical state and local chemical 
environment of an atom. It was used
 
to analyze the new bonds formed between the 
components due to photoinduced interdiffusion. XPS analysis also shows that during 
photodiffusion, heteropolar bonds replace homopolar bonds, i.e., the irradiated samples are 
chemically ordered than the corresponding as-prepared samples. During light irradiation, 
As-As bonds are broken and phonon assisted As-S bond formation take place by using the 
lone pair π electrons of ( O.Nordman, O. Ozols, and N. Nordman, J. Opt. Soc. Am. B 16 
(1999) 631 ). This is confirmed by the shift of the As3d core level peak towards higher  
binding energy (BE). At the same time, the S2p core level peak also shifts towards the 
lower BE side suggesting the formation of As-S bonds as S electronegativity is higher than 
that of As.  Similarly formation of some Sb-S bonds due to illumination was inferred by the 
0
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shifting of  Sb4d peak towards higher BE. So, the XPS results showed that there is a 
considerable decrease in the Sb-Sb, As-As and S-S bonds after photoinduced interdiffusion. 
This is correlated with the optical bandgap change during photo diffusion mentioned in 
chapter 3.  
   Chapter 5 is concerned with the photoinduced interdiffusion in Sb/As2S3 multilayered 
films at low temperatures. Photoinduced interdiffusion phenomena in Sb/As2S3 
multilayered films were studied by in situ optical absorption measurements and XPS at 
room temperatures in the previous chapters. But the changes occuring at low temperature in 
this material is not studied. Based on the models of photoinduced diffusion, it is generally 
assumed that the light excites the chalcogenide layers and creates metastable defects. Some 
of these metastable states, originating from defects (wrong homopolar bonds or co 
ordination defects), play a pivotal role in photoinduced diffusion. However, elucidating 
more information about the role of metastable defects is rather difficult, since it is very 
difficult to probe them experimentally. Hence, we adopted a new scheme to probe them, by 
studying the photoinduced diffusion at very low temperatures. This idea is based on the fact 
that some of the metastable defects which take part in diffusion are less stable at room 
temperature and their decay times are quite high at low temperatures. Hence, the rate of 
photoinduced diffusion will be different at different temperatures and more precisely; one 
can expect lower diffusion rates for very low temperatures.  Moreover, Fritzche has 
theoretically suggested that the photoinduced structural rearrangement, which leads to 
photoinduced diffusion, is even possible at low temperatures (H.Fritzsche, Solid State 
Commun. 99, 153 (1996)). These structural changes originate from the non-radiative 
recombination of photoinduced electron- hole pairs via transient self-trapped excitons and 
they can exist at low temperatures, but will be destroyed near the glass transition 
temperature. Further more, these rearrangements are very prominent at low temperatures, 
 
Preface vii
 
 
and hence we can expect photoinduced diffusion. However, it is important to note that some 
of the metastable states, which play a part in diffusion at low temperatures, may affect the 
rate of diffusion. Importantly, the kinetics of photoinduced diffusion at different 
temperatures will give more detailed information about the influence of structural 
rearrangement (metastable defects), which takes part in such a process. In this chapter, we 
report the observation and kinetics of photoinduced diffusion of Sb into As2S3 at liquid He 
and room temperatures. Importantly, photoinduced diffusion at very low temperatures is 
never observed in chalcogenide glasses. Our experimental results clearly indicate that the 
diffusion rates are rather different, and moreover the photoinduced diffusion at low 
temperature is six times slower than at room temperature. 
    Chapter 6 deals with the photoinduced changes  in (As2S3)1-xSbx thin films of various 
compositions. The main idea is to compare the optical changes occurring in  multilayered 
Sb/As2S3 film with that of bulk thin film of same thickness. In  the previous chapters, we 
studied the optical  changes in  Sb/As2S3 multilayered film  and found that photobleaching 
 (increase in bandgap) is occurring due to photoinduced diffusion. The diffusion of 
unbounded Sb atoms of the top Sb layers into the As2S3 layers with laser light causes the 
creation of new bonds between the components due to interdiffusion and formation of 
ternary solid solution of  Sb-As2S3  at the interface. This solid solution creates a larger 
number of heteropolar bonds by removing homopolar bonds which  can be observed from 
the optical parameters and XPS analysis. But at the same time, photodarkening (decrease in 
optical bandgap) is occurring in the (As2S3)1-xSbx thin films of various compositions. This is 
due to the  presence of Sb atoms which are chemically bonded with As2S3 matrix, is 
changing the absorption spectra towards the lower energy side. On illumination, polymer-
destructive changes occur, leading to the weakening of some bonds and to strengthening of 
others. The existence of structural changes in such chalcogenide films on illumination is 
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supported by changes in their optical properties (the shift in the absorption edge, the 
refractive index and the optical bandgap). Photodarkening of virgin and annealed film on 
illumination is assigned to an increase in homopolar bond density. The other studies like 
Raman and XPS  are also carried out to investigate the structural changes in the films. 
     Chapter 7 summarizes the essential features of the present work and also points out to a 
few possible directions along which further work can be carried out.  
 
